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1. INTRODUCTION

This interim report documents the results of a Space

Transportation System ascent trajectory dispersion analysis performed by

Dynetics, Inc., under contract to the Marshall Space Flight Center

(MSFC) of the National Aeronautics and Space Administration (NASA). The

purpose of this dispersion analysis is to provide critical trajectory

parameter values useful for assessing the adequacy of the "lightweight"

external tank insulation design. The "lightweight" external tank is a

developmental subsystem to be used when the Space Shuttle becomes

operational.

This analysis has been conducted using two of the critical

missions specified for the Space Transportation System. The first

mission, referred to as Mission i, is a 28.5 ° inclination trajectory

launched from the Eastern Test Range (ETR). For purposes of selecting a

critical heating mission, an August launch has been assumed. The second

mission, Mission 4, is a Western Test Range (WTR) trajectory launched

into a 98 ° orbital inclination. A December launch has been selected for

heating environment severity. Using these two missions, separate

analyses have been performed which have consisted of the following

steps:

.

.

.

Nominal trajectories have been simulated under the
conditions as specified by baseline reference mission
guidelines.

Dispersion trajectories were simulated using predetermined
parametric variations which spanned the dispersion limits.
Dispersion parameters were selected to represent system-
related error sources stemming from propulsion
uncertainties, aerodynamic errors, mass property
inaccuracies, and guidance, navigation and control (GN&C)
errors.

Requirements for a system-related composite trajectory were
determined by a root-sum-square (RSS) analysis of the
positive derivations between values of the aerodynamic
heating indicator (AHI) generated by the dispersion and
nominal trajectories.
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4. Using the RSSassessment as a guideline, the system related
composite trajectory was simulated by combinations of
dispersion parameters which represented major contributors.

5. An assessment of environmental perturbations via a RSS
analysis was madeby the combination of + 2o atmospheric
density variation and 95% directional design wind

dispersions. Unique wind directions were chosen to reflect

critical heating conditions.

6. Maximum aerodynamic heating trajectories were simulated by
variation of dispersion parameters which would emulate the

summation of the system-related RSS and environmental RSS

values of AHI. Several maximum aerodynamic heating
trajectories were simulated consistent with the directional

winds used in the environmental analysis.

Trajectory parameters associated with the maximum aerodynamic

heating trajectory cases, the system composite trajectories, and the RSS

analysis were delivered as computer files to the Government. Files

associated with Missions 1 and 4 are resident on the MSFC Univac

computer system.

The following report provides a summary of the analysis and is

subdivided in the same manner as the analysis steps. Section 2

describes the nominal trajectory requirements for Missions 1 and 4.

These requirements are based on inputs provided by Rockwell

International and MSFC. Section 3 summarizes the parameters used in the

dispersion analysis. Section 4 discusses the formulation of the system

composite trajectories and the maximum aerodynamic heating trajectories.

Several appendices are provided which present tabulated results from the

various analyses, plots of critical parameters, a description of the RSS

analysis computer model, and a discussion of interpretations applicable

to the computer output files mentioned above.
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2. MISSION 1 AND MISSION 4 NOMINAL TRAJECTORY REQUIREMENTS

Presented in Appendices A and B are the input requirements for

the baseline nominal trajectory simulation of Mission 1 and Mission 4,

respectively. This input was used in the MSFC resident six-degree-of-

freedom (6-DOF) STAR-6D computer simulation. Verification of the

baseline trajectories was performed by detailed comparison of trajectory

parameters to similar trajectories developed by Rockwell International.

(Reverse Blank)
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3. SYSTEM DISPERSION PARAMETERS

Tables 3-1 through 3-4 provide a summary of the parameters that

were used in the system dispersion analysis. In coordination with the

AFSIG panel, the dispersions represent a 99% percentile (2.33_) variation

for SRM and aerodynamic perturbations and 70% of 2.33o for all other

perturbations. Using these dispersion values, simulations were made by

the individual biasing of these parameters. Thus, each dispersion

parameter was treated as an independent variation. Approximately 60

individual trajectories were simulated for each mission and data from

these simulations were stored on computer files.

Appendices F and G provide time ordered histories of the AHI

parameter, angle of attack, and sideslip angle as a function of the

dispersion variations for Missions 1 and 4. The data in these

appendices are presented as increments between the value obtained from

the dispersion simulation and the nominal value (shown as the second

column of these tables). The notation at the right upper corner of each

table gives the name of the parameter, i.e., AHI, and the sign of the

dispersion value increment used in the generation of the trajectory.

The table identification numbers shown in Tables 3-i through 3-4

correspond to the table headings of the tables in the Appendices.
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4. FORMULATION OF MAXIMUM AERODYNAMIC HEATING TRAJECTORIES

The methodology used to define the maximum aerodynamic heating

trajectories for the Mission 1 and Mission 4 cases is a multistep

process which combines system-related and environmental dispersions.

After defining the system-related dispersions of Section 3, the first

step of the process was to define a system composite trajectory. The

system composite trajectory is defined as a trajectory which emulates an

AHI time history determined by the summation of the nominal AHI history

and the positive RSS AHI history for the system dispersions. The

simulation of the system composite trajectory requires combining

mixtures of dispersion parameters in such a manner to match the summed

AHI history. Table 4-1 identifies the combinations of parameters that

were used to define the system composite trajectories for the Mission 1

and Mission 4 cases. Figures 4-1 and 4-2 present plots of AHI versus

time which represent the nominal trajectory, the plus and minus RSS

derivation about the nominal, and the system composite trajectory for

the Mission 1 and Mission 4 cases, respectively. In this analysis, the

comparative matching was made with respect to the AHI parameter only and

therefore does not necessarily result in being within or upon the

dispersion limits of other parameters. Figures 4-3 through 4-12 provide

plots of several critical parameters plotted in the same manner as AHI.

Table 4-1. Composite Parameters

Mission 1 Mission 4

+Pitch Accelerometer

(70% of 2.33 o)

-SRB Thrust Pitch Misalignment

(70% of 2.33 o)

+Pitch Accelerometer

(70% of 2.33 _)

-SRB Thrust Pitch Misalignment

(70% of 2.33 o)

+Pitching Moment Coefficient

(2.33 o)
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The definition of environmental dispersions was the second step
of the process. Parameters used to define the environmental dispersions

consist of _2a atmospheric density variations and directional 95%design
wind histories (supplied by the Systems DynamicLaboratory of MSFC).

For this analysis, a right quartering head wind and a head wind were

chosen as wind dispersion candidates since they would result in critical

aerodynamic heating cases. Use of the two wind histories resulted in

the requirement for two environmental composites. Each composite

consisted of a RSSassessment of the combination of individual density
and directional wind dispersions.

The guidelines for defining the maximumaerodynamic heating
trajectory were based upon the addition of the system-dependent RSS
assessmentof AHI and the environmental RSSAHI values. The simulation

of the maximumaerodynamic heating trajectory consisted of combining the
system-related composite trajectory and the environmental dispersions in
a manner which reflected the accumulative sumof these two root sum

squared values. Figures 4-13 throuqh 4-16 present plots of the nominal

trajectory, the +RSS system dispersion, the addition of the environmental

RSS to the system dispersion, and the simulated maximum aerodynamic

heating trajectory. Figures 4-13 and 4-14 are Mission I trajectories for

the right quartering head wind and head wind environments and Figures

4-15 and 4-16 show the same environments for Mission 4.

Tables 4-2 through 4-5 provide time histories of the AHI

parameter for the four maximum aerodynamic heating trajectories, two for

Mission 1 and two for Mission 4. Also on these tables is an overview of

the system composite, system RSS dispersion, environmental dispersions

and RSS values, and the summed RSS used for the guidelines of the

maximum aerodynamic heating trajectory.

Output of this study for purposes of aerodynamic heating

evaluation has been prepared and is shown in Appendices H and I for

Missions 1 and 4, respectively. These data have been prepared by
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Tabl e 4-2. Criteria for Determination of Maximum Aerodynamic

Heating Trajectory for Right Quartering Head Wind

(Mission 1)
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Table 4-2. Criteria for Determination of MaximumAerodynamic
Heating Trajectory for Right Quartering HeadWind
(Mission 1) (Continued)
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Table 4-2. Criteria for Determination of Maximum Aerodynamic

Heating Trajectory for Right Quartering Head Wind
(Mission 1) (Continued)
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Table 4-2. Criteria for Determination of MaximumAerodynamic
Heating Trajectory for Right Quartering HeadWind
(Mission I) (Concluded)
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Table 4-3. Criteria for Determination of MaximumAerodynamic
Heating Trajectory for HeadWind
(Mission 1)
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Table 4-3. Criteria for Determination of MaximumAerodynamic
Heating Trajectory for HeadWind
(Mission 1) (Continued)
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.? ._ ._ ._ ._ .... ,_ ......... ,-_ ...... s.i ......
" ? ' _ . r3 . _ " 4 " 8 " 7 _ " 7

.... :_ ...... T_i......... .._"....... .5 . _ .9 .7 e.r
.3

.t

.7

eLI

,ll

.7
.'_

l.I

1.2

!.t_
I._

l..?

2.3
2.r

2.7

3.I
;.__

3.(

_4e _

t,._

q.#-

q._

_.I

.4 ,_ ,5 ,5 3,0 .8 _,q

._ - ._- " ,e .e .... i.z .......... ._ .... _-.9- -
•{ .0 .E .E 1.2 1,0 7._,

,7 ,l ,7 ,7 I,_ 1,1 @._

.e ..... :1 ....... J-e-..... .8 1.5 1.2 _,t

• 8 ,I .8 ,8 1,7 1.3 9,7
.'_ .i ._- ._- " i._--- i;-_ ..... le..-_ ....

l,I ,rl ,9 .9 7.0 1,5 II,I

i._' .o t.O _.n ...... ?.2 ........ l-;_ -z._._ --
.,"n I,_ 1.',"1 _',3 1.7 12.{;

1.6 ,m I,l

I,. _ ,? ],I

1, ¢) ,0 I,I

?.1 .9 l.z
2,-_ .l !,2
Z.5 .o I ._ -

2,t- .0 1,3

2.._ .3 " l;q

?,[' .'1 I.,5

x.t_ .0 1._

l.l 2,7 1.9 lq,9
1.1 - ?._ - :_;I ..... l_,t- --
) ,l 3,1. 2,2 17.3
_.2 3,3 ..... _.3 .... i_ ;_----
1.2 3,5 2,5 2'?.I
] .3 ..... z.? --- - _._-- .... _.i-,e -
1,3 a.O 2,8 23.2
1.4 _._ ...... !iO .... _._-

1.5 _.5 3,2 2_.8

1.6 _.? 3.6 3 .'2.8

!.5 ....... ..'I .... [;t - " 1.7 ...... _._ ...... _;B------.X_J;_ --

3.? .I 1.8

?.o .I l.e
_,l .I 1.9

_.3 .I 2,_"

,.t .1 _.3

_.,T .I ?.4

_,2 .I 2.5

'_._ .2 ?.(:

c._ .2 ?.7

_.e .2 2.P

_,I .2 _.C

1,8 .r,5 t,.l 3:.2

1.8 _J.@ _._ 37. e

I .9 _ • I _,6 39.9

2.I e.7 (..2 w5.l

2.s :,._ ._: _ - Q_.O- -

2.4 7.? 5,9 5D._

2.t _:.0 E,6 5E,_
2,7 _.3 "_.0 5'_._

2.8 q,7 7._ _',E

3._ (;,_ 7.@ _.7

],[" °.4 _-.2 6_.9
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Table 4=3. Criteria for Determination of Maximum

Heating Trajectory for Head Wind

(Mission i) (Continued)

Aerodynamic

T IV[

I,:.0

131.0

Ic2.O

132.n

ILd_,O

! 3._ .0

I J7.3

! :c,O

ljO.O
llr,o

lil,G

IIZ.:]

11-=.3

Ii_,0

!15,3

11_,{_

li7,O

ll_,?

! 19. '_

IZ_ .0

IL!.')
122.0

132.0

IL_ .']

IC7._

ILe,_

139,0

137.n

!4:Y.O

I-".0

I;'.0

I lt.rJ

l_O.O

19C.t

Z20.D

_'2_ .0

Z -'-_. 0

_4F.0

tSt.O "

2a_,o

_a:,o

_qO.O

v _ LI)L

_-_._

66 ._

72._*

6_.6

93.#

o7._

ICC."

1SY.m

IC5.9

lC _ ._

I11,6

II_.2

.............. :'_,p_-f_ [_,"
AHI

_y_T_M [NVI_ONMFNT MAXIMUM HEATING IPlJ

COMP *r_S " A_os Hw " ;_- '_RSS .....6ISP V_LUE

_._ _._ ....... _ ....._.2 "_.._ ---_-_.8 _._ 7_._
5.7 (- .9 .3 _.W 3.q 10.2 o.1 75._

_._ 7.c ._ - )._ ....... _.-_ ---i-_.,e 9.e 79._
_.x 7.3 .4 _.7 3.7 lt.O I0,I 82._

e.7 v._. .,_- *..v - _.._ .....-_f-,_-- l".e ss._
7. m 7.8 .5 _.1 *;.1 11.9 11.1 89,5

7.7 e._ .6 _.5 _.5 12.8 12.I 9E.7

e._ - _,_ -,6 -- _,,7 " -_,i -- ii.i .... i-_,_---i_;_ ---
8._ 9.8 .6 b.9 _._ 13.e I_.3 10_.0

a.7 9,i - .7 " 5.i ........5.i .... i_.Z ......ii.S 10-7 ;-7 .....

9.1 ,o._ .7 S.3 5.3 1_.7 1_._ I11._

" 9._ ..... qZf ....... ._..... _.g--- s.e 1_.z 1s.o 11s.e
9.8 l_.O .'_ 5.7 5.8 15.7 15.6 lle.6

19.1 I!'.7- -.9 .....=.§ .... _:-'_ - 16;2---i_,2 122.1

1_..._ _,_ I.O ¢.1 e,z le.e _e,7 12-:,5
I_._ - i_._ .... _,i ...... _._ ...... _V,- .... i_-;_ ...... i_.)---iz_._-----
11.? 11.z 1.1 e.e e.e l_,e l_.e _32.1

ll_.O II. _ II.. e 1,2 6.£ 6.9 IB._ I_.W 135.?

llC._ II.P II.F 1.2 7.C 7.I 18.9 Ig.9 13@.3

I_._ 12.: --i2.1 - i.) .... 7.Z -- 7.) ....... i_-.5 ..... i9.5 1_1,_

iZa .,:" I2.a 17._ I ._ 7._ 7.5 2n.O 22.0 1_.2
iL;._ iz._ -iZ.? " -i._ ....f.-e ..... f._ .... 2%_----_._---|_i_-F---
llr. _ IZ.? I_.C 1.5 7.8 _.3 21.O 21.1 I_9.P
1_';9 ......i __.-_ ....... -1).3 ...... 1,6 .... _;0 .... 8.I 21.S 2-l.e 15Z.5

153." 13.e 1__._ l.e e.2 B._ 21.g 27.I 15-_.1
i::. _ l?._ i__.¢ .....t,7 .... b.) .... a;$ ......-__;/_ ---22-. 5 157.e
IJ7." 1_._ i_.2 1.7 _.5 8.7 22.8 2-_,0 l_.C

i_-._ I.._ ......i_._ .... i;8 ....§._ ....-_-._......_);._----_;g--i_;_---
i_0.? i_, _ I_.7 !.8 P._ 9.3 2_.£ 23.g I_,7

I_7; _ - IS-.l .... I__;_ ..... l;_ .......... _., F -- _T- ..... _'.--I ---- _ .'-_---I _7 •-_'----

15_.5 17.7 17.= ?.W In.( I0._ 27.9 2Q.2 186.7

I?".S _fl.l .... 1_,_ - " 1.h .... tI.C ..... tl,_ ..... 3--i;2 ...... )I,_--202.5

163.7 21._ 21.¢ 3.6 II.8 12._ 3_.Z _u._ 215._

196,8 _.e,1 _,C !,1 11,5 II,_ _,9 3F_.3 2_S,I

2_7;_........_,_ .... _-; _........T;_ .......i-I._.... II-;?--- _.-_....--3 _;F----_F-_,.---
ZZ7,2 Z7,f 2_,( 2,7 11,5 II,8

211.2 Z_.9 ?-;_ " ?.7 '-iI • ? i2.9

ZI_,5 3?,I 31,_ 2,7 1_._ 12,3

ZZm._ _2._ 3_.{ 3.7 1P.5 12.? 46.q

222.C ..... ?_._ ........ _;_ ......... _;7- -|P.7 I_._ _;_

22[._ Sa,? 3[.6 2.7 12.9 i_.2 _m.8

_Z_.$ _5.e _7._ 2.7 !!._ I_.6 5I,C

223.7 _E._ - 3P._ 2.7 IV.t !_,B 57._

23_.2 37.6 3_,I Z.7 13,7 I_,_ 53.1

-230.3 3_._ _,1 _.7 l?.C 14ii $_.2

_2.q _9._ _1.9 7.7 lU.l 14.3 5_._

._.d ...._.I-- ZS_;_ .....
_.7 q_.7 259.2

_7.5 267.9

-- ti_i7....2711,_---
q(_.9 275.:

Sl.O - _7_.9

52.1 282._

5_.3 29 ._

5._._ - 29_.7---

5£.5 299,_
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Table 4-3. Criteria for Determination of Maximum Aerodynamic
Heating Trajectory for Head Wind
(Mission 1) (Concluded)

AHI

NO"I_AL SYK-TF-M Tr;VIRONMENT MAXIMUM HEATING IgAJ

TIM[ VALUE COMP *P_-_ ATMOS HW _SS .:S$ OISP VJLUE

_EC.O 25_.q

3EL.O 2t2.U

7_r._ ZTT.E

_3r,_ 2gm.7

_2C,O 32_._

_3p,O _w_.e

Q_]:,O

qTS._

_I. _ _:.1 ?.7 lq. r I¢._ 57.9 5,.9 _I0.2

_2._ _._ _.? i,._ - i5.0 59.2 69.2 31_._

,3. _, _E._ 2.7 I_.C 15.2 60.7 61.6 -_2_. _

q5.9 _.0 Z.6 15.5 15.8 6_,e 6_.5 _2.O

_8._ 5"._ 2.6 I_.I 16.3 67.I 67.6 36_.3
.......................

_9._ 52._ 2.6 l_..q-- 16.6 6_.7 69.1 _81.5

E_, o 5".5 2.6 16.6 16.8 7f_,3 7{_,6 _99,2

52." 5_.? 2.6 i6.- n 17._ 71._ 71.9 _I_.7

37n.3 53.m _5.p ,.6 17.D 17.2 73.1 7_.O qq3._
__._ __._ ._.. .6 -|_._ ..... i7.3-- 7_.1 7_.8 _Tm.O

w_.l 5_._ 5e.5 _.6 iT.Z I7.q 75.9 7_.7 532.8
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Table 4-4. Criteria for Determination of Maximum Aerodynamic
Heating Trajectory for Right Quartering Head Wind
(Mission 4)

rc)#'pOS T TF
.............. _HI ....

NO"INAL SYqTE u ENVIIIONMENT MAXIMUM UEAS. IN5_ TRAJ ....

TI'F V_LIIE CriMP ".PS% A't_iOS ROHt# .'P_$ *PS% DTSP VALUE

2.n .3 ._' .-' .n .n .0 ._ .(I .0

_.CI .O ._ ._ .L2 .O .fl ...... O....... .O ....... D ....
_.r .O .r .O .'3 .m ._ .m .P of_

_._ .(l .P .q .0 .{I .r_ .'I ...q .q

_.f7 .O .P .? .Q .0 .{I _ .O ..... ,0 .... ,? ....

P.U .'I .P .m .m_ ._ .(3 .'I .II .0

<).,2_ .O .LI .O .O .D_ .O _ • .......
10.9 .0 ._ ..-. .r_ ..m .f' .7 .0 .0

11,0 .D .... O ....... 2 _ _ .0 ...... ,0 ..... 0 ....... , ........ --J_ _?

12.9 .g .r ,o ,_ ._ .r .n .o ,n
13.0 .0 .0 .9 .. ,0 .... P ,_ .... 0 ....... 9 .... ,TI ___

l_.f ' .O .f .'l ,q .0 ,0 .o .P .O

15.O .O ,O .q .O _ .,O .... .{l .... .O ___ ,O ..... .O _ _
l_.m .0 .17 .q ,_ .{I ,0 ,'3 ,0 or)

17 . r . ,3 ....... P ....... 0 ............ O ......... O_........ ,_D....... J.'3 .... , _.------,_- .--
18,'3 .O .O .q .P .r} ,o ,m ,n ,n

1(;,.9 ,g .[ ,? .0 ...... 0 .... __ . ,n ..... ,0 ...... ,0 .....
20.",., .13. -O •q .q .e) .13 .n. .0 .3

21,? ,0 ,O ,0 ,0 . _ .]2 .... ._ ,q __ ,p ....... 9 .....

22.'?. .C .r. .o .R .O .O .r_ .p .I

Z;,O . ,l ....... _. ..... ? ..... 0 .... O ......... O .... -_ ......... O • ?.--.--
2_,'_ .! .r' .'_ .D .O .O .m .m .!

2._, t? .I .0 _,0 ,r ._ _ .0 _ __,? .... .Q ....... .I .....
2(-.r .! .[" ._ .0 .r .O .I .0 .I

.0 .r ..I. __.,f' ............ 2 ....27,_ .1 ,U . . ,q ,C ._
2P..r' .2 .'3 .0 .0 .rl -O ,I ._ .2

2_',0 ,2 - .O ..... 0 ....... 0 ........ ,0 ...... I .......... I ....... 0 ,2
3O.n .2 .C .9 .." .m .! .I .0 .3

_I. _' ,3 ,0 .... 0 _ _ ,I . ,r, ,I - _,I ..... 0 ....... _, _ .
32.P .3 .P .I .] .O .I .I .I .3

33,0 ,3 ,O ..... I . ,l . ,I .... I .... ,l ...... I ...... ,__. --

35,9 .... 4 ........ C....... 1....... L ..... ,I ...... ,I ....... 7 ....... _,_! ."-

36.n ,5 .f ,1 ,1 ,1 ,1 ,9. ,1 ._

37,C .5 ,r2 ....... ,.1 ..... .1 _ ,1. .1 __._ ....... .! ...... 6 ....

31:.P .6 .l .1 .] .I .2 ._ .l .7
39.0 .6 .1 ...... ! .1 .1 *? ." _ ,1 _ ._

4C. ?, ,7 ,I ,! ,I .2 .7 .'_ .2 .(_
_I,9 ..... * .......... I ........ l_ . .,I _ ,? _. . ,_ .... ._ ,2 ....... |.? ....
42._ ,q .I .7 .2 ,2 ._ ,_ ,2 |,I

4_,e ._ .! .z ,2 ,7 ,3 ._. .., l-_
4q.n l.q .I .? ._ .3 .3 ._" .3 l.l

45 .," 1.I .1 ." .." .7 .4 .¢_ ._ 1.4
_,&._ I .2 • I .2 .2 . _ ._ ._ .a I .6

47.r' 1.3 .P ." .2 ._ .4 .'/' .t_ 1.7

@!_,m 1. t' .." .X ._ .u .= ._ .5 l.O

49.0 l.q ._ ._ .'_ ._ .5 .Q .:_ 7.n
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Table 4-4. Criteria for Determination of Maximum Aerodynamic
Heating Trajectory for Right Quartering Head Wind
(Mission 4) (Continued)

COwPOSITF

............ AHI ......

NOP'INAL SYSTq u ........ EHV I_ONM[NT ....... _AXIMUM- HEL[INS- 3RAn ....

TImE

5C.0

51.0

52.D

54.O

55.0

56.D

57._

5R.f]

59._

50.m

'_2 • ["

63._

5_, m

6.c.0

66.F_

57._

68.0

bg.P

70.?

71.C

77.r

73,?

7_._

7_.r
76. _

77.0
7P.{'

7g._
_c. n.

81..

82,Ct

83,_
64,0

8E.O

ES,_

87.C

88._

5_.C

9_.t

91.P

92.f}

9X,D

9q.rl

9_.0

g6.0

97.." ..... _f_.6

98, L') 46.9

99.O 40.2

V_LUE COMP *PSS ATMOS P_HW .,.p e, _. +PS_ DISp V_LUE

!.6

1.7

1.q

2.0

2.1

2.3

2.&

".7

2.9

3.3

3._

X.8

_.q

_.7

5.I

6.5

7.O

9,6

e.,

I._.6

11.6

17.5

17.6

I_.7

|r.9
17.2

IP,5

Zl.q

Z3.0

[C.b

2_.3

3P._

31,Q
3 7 .r_

3_. q

3P .O
40,!

u, 3, .X

.2 .x ._ .5 .6 _"-- " .q .6 2.2

• 2 ._' ._" -_ ,6 ....... ? ____ I._ ..... .I .... l _L___

• 2 ._ .T .7 .7 1.1 .7 2.6

.3 ._ .... 3 .7 ..... S .... 1,2 ..... ._ ..... 2.6--_
• T .a .3 ._ .9 l.x .9 3.0

,.X_ _ .5 ..... 3 ..... 9 ....... I, O___ I • II__-I._P..__3 ,.._._

• _ .5 ._ l.r) 1.r, 1._, 1.1 3.';
• ', .5 ._ _ 1.1 l.l ..... 1.7 _2__ __ 7_._9____

• " ._ ." I.2 I.? 1.q 1.3 o.r)

.0 .6 .,, .... 1.3 _ ._1.3 ___ 2.9 ...... I,[9 .... 9,_)-___
• 5 .7 ." 1. _, 1 .4 _.1 1.6 _,._.

.......... • ............... e C .... .

.< .o .u I.6 I .7 2.u I._ 5._

._ ,o ._ _ 1.7 I._ .... 2.'_ .... ?,_o .... _.7 .....

._ ._ ._' !." t.q 2. _ ?.I E,!
• & I.? . u, .... I. o _ .2,O ...... Z,O ...... 2,2 ........ 6,_ .....

.6 I.I .4 _.rl 2.1 _._ P._ 7.'_

• _, . I,I ........ ,4 ___Z,2 ..... Z,2.__[,_ ..... __,.{, 7,_

.7 1.2 .4 ?.3

• 7 I,_ . _ ._ . _ ?°4

• _ I._ .4 7.5
• _ ).c .3 2.7
._ I, _ ,_ ?.q

,o ?._ .? ".l

1.[ _ Z.l .3 . 3._
1:.1 2.3 .x _._

I.? _._ ._ _.6

_.2 7.? ._ ".P

2.3 3.6 2.7 _.2

_ _ Z,_ .... 3,_ ...... _9 _9

P._ _._ _.1 9.5

.. . Z.7 _ _." ....... _,2 ...... 10.___

2._ _._ _._ 11.1

_ _.0___ _._ ........ ,6_____..I I ,___

3,4 r .7 h.3 |_.0

! _ 6,1 _4j_ ..... 16.2 ......

1.7 .... p.o ...... 3_ _ .9._ .... _,_ .... _._ ..... .__.t.___l_.___
1.4 3.n ._ u.p 4.2 7.2 _._ 2C.2

l._ _ ._ 7.2 ...... _ __ _." . "._ ..... _.% .... _J_ .... 21. _......
1.7 3.4 .? _._ _.6 _._ _.I 23.3

l._ ..... 7._ .. .3 __ ,.8 _ _._ ...... r.r _ _ f._..__25_,0_ _
1.c T._ .7 r.1 _.1 _.0 6.9 26.q

2.1 .......... ,_0 ...... ? ........ ¶._ .. 5._ ....... _., ___ 3__ __ _.e__,7Z___

2.2 _.? .3 _.7

2.4 _.4 .3 .... 6.0

2. n [.I .3 ?.C

3.1 _.3 .3 ?._.................... c

X.3 _..% .7 ".?

_.6 f.7 .4 ".i

• .p c q ,I_ o,6

4. I (:• I ._ _. !

14, _ F.X .q 0.6

..... 9.( ._ _.5. .5 . 1".?
4.0 F.7 .e I".A

5.1 7.? .6 1_. _

¢.7

6. n

f',.7
6.F

7.{"

7.3

7,7

_.6

o.|

o.f_

I'].2

I?._ IV.B _4.7

1_._ 11..: 47.4 ....

l_._ lP.l 5_.1

Ic.P I?._ _. 5_.O

IC. o 17._ 5_._

16.7 _._ 59.0

17._ IC.2 62.1

it.4 16,1 _5._
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Table 4-4. Criteria for Determination of Maximum Aerodynamic
Heating Trajectory'for Right Quartering Head Wind
(Mission 4) (Continued)

PJC"]_IAL SYRTE"

TIPF _LLJE Cr)Mc ,,PSK

]JO.Z' _' 1.6 5._ 7.2

131.0 5q.1 5.7 7,_

] _ 2. ,r? 5F .6 f,C 7._

ILi3._ 59,1 6.3 7._ o

ljU," _1.7 6.F p.r,

135.0 {_.2 _ ?,C__ __.2

116.q 6_,, ') 7.7 P,_¢

137.9 te._ 7.7 _ f.6

19a,9 72'.I _.r f.o

13(;.? 7_.7 8._4 ...... 9._'2

II0. m 77., _ 8.8 c;._

I12.0 67.(,

IIZ,O E5 .I

II_,_ 67,_

115._ 9n.)

116.? 97.U

cO,POS?TF
..................... J_HI__ _ _

I:TNVIeONMENT ..... P.Ag_IMUM_ HEAIIN.G_ .TR_,J ___
ATMCS l_MW *PSS *PSi; OTSP VALUE

.8 l'.n 12.1 -19.7 l?.O 6_._

•6 12.7 ..... 12.7 ..... 2 r,_t___.9___ _72, D___

.7 I_.4 13._ 21. a I_.O 75.':;

• B i_.1 .... 14.2 .... Z2_, C]......I_.9_ .... }'9.']....

.? lu.g 14.9 22.0 21.0 82,7

..... • 9 ..... IE. ?...... 15.E .... 2_J_ ___22. _{___

].0 16.6 'IF._ 25.") 2_.2 90.1

1.1 ._. I'.4 17.,_ _. 2(;,1 ..... 29.____ 9].9 .....

1.2 I".3 I_._ 27.? 25.7 97.7

1.3 ..... l_.2 ..... 19.. _ . . 2B,3 .... Zf.,9____101_,6_ ....

I., 2r.? Zt_.2 2_._ 2P.2 105.6

_-_2 .... £.._ ...... I .5 ...... 21..I .... _ZI • 2 ....... J D_,Y,___ZO__5__.,__JQ9 ..5___
e.( _.6 1.6 27.1 27.1 31.m 30._ 113.4

9.9_ . _.B ........ i.? ....... 2?.e .... 27,! ..... 32,? ....... 32.L___.I17,3 ....
In.? 1,'2.1 1.o 2u.') Zu.t 3_.I 33.5 121.1

I_.7 _. I__,X 2.0_ _2,.0._ .25.D ....... _$_,.X __ J_.__ 12_3__

II.1 In. _ 2._' 2r. n 2_,.9 3(._ 3t.l 128._
117.0

ll_.n

llg. C

120.P

IZl._

122,n

123.n

12_.C

125,_

12_. ,n

127..'!.
IZ_.?

129.q

133._

I;S. _-
152.')

IbD._n

17C.0

18[_. n

190.0

2.)0.0
210.0

220.0

2]9.0
2_o.n

250. n

260.0

27D.0

-_O.O

79n.p

_O0.P

310.P

32_.0

5". 7 .....11_._.5......l C_,_a.........2,3 .......2_. Z -__ 26 ._,____

9_.g 11,_; ll,P

9_.0 12.3 .... 11.3

181.1 12._- II.6

103,1 13.C _. 11.

lL_.l 1;.7 12.

187.q 1",7 ___J_2 •

ILN.R la.r l:',

11_.5 l_*,q ...... 12.9

lI?.U lu.7 !T.?

llU.0 I_:,I 13.5 . 3.7

I1 r.7 I_._ I 7._ 3.9

2._ 2v.5 27.7 3P._ 3P.5 135._

2.6 _ Z8.5 2_.E .... 39 • 9., __ 39 .__..__138.8 ___

2.7 2°.3 29.g 41.q 41"1.9 142.0

2, °. 37.2 ..... 30.3__ __4Z,Z ___4_2,1___. lU.$._ ____

3.D 31.n 31.1 4_.x 43.2 luS._l

_. -: . _ ...... _1 • _ ....... 32., 9 ..... _E49 ,_4 ..... 4 _ .___ISl, 3__
?.x 3". A 32.7 45.q 4:._I 154.2

?,5 _'.3 ?_'.5 4{,_ _ 96o_ 157,1__
?.r_ 3q.rl 3a.? 47.4 47.:. 159,f_

_,7 ..... ._4,9 . 4m.,4 _ qn,5_ 162,6
3c.(_ 3{3.6 q9._ 4o.q 165._

117.3

liP.8

132.2
I 4.')._

15_.6

Ib7.7

I( ?., _

1_7.q

171.2
17u.9

176.3

17P.4
Ier. T

1_2.1

183.o

18e.7

1e7.5

18o.5
191.7

19a.?

I_.7

16.1 la.3 _.P 5A.7 36,9 51. _ 51._ IiO.T

13.3. _ .17.2 r.u . 4,.a 42.7 .Sg. o _ 6t_.0 __.192.2 .....

72.2 !o. o _ .4 42.I _'t.f, 67.q 67.3 209._

24.9 .... 22.5 __ 7.6 51.3 51.9_. 74.7 .... Z3._ .__ 22q,u ......
25. r ?u.q _..rl 5u.5 55.0 7o.1 7_.I 236,_

27._ 26.a 7.? ........5_.2 __ .57.? 8_4.1 ah.I_ 247_,, __
2').2 )_,_ 7.q 5_.8 _:q.3 Bin. o 8P,6 256.4

_9.( 3C,6 7,9 6",2 62,7 9_, _I 97,_ _ __64,0 .....

32.1 "2.4 P._ 6_,_ 65.1 97,g 9&.8 270,_

33,@ T3,? _,1 66,9 67,q 101,3 _ [OD,6 _ 276,_ .....

3u.( *_;.2 F.2 6_.3 6o.5 IOq._ 13u.l ?82,5

75._ _ _'6.T . . _.2 7n._ .... 71.? ..

3&.F _7.u _,." 77.'3 73.0

37.5 38.q p.3 7U.I 74.6

Xn._ ;9._ _.(4 7e.7 7_,.1

30.2 4.m.3 _ .U 77.2 77.7
u'].1 al.? P.S 7_'. _q 7(_.2

_1.[ ._2.3 P.'_ 8". 4 8_. °

U_.[" r_._, P.6 8'.n 8a.3

lOZ.S __)07.______2_7.7 ____
llC.U llr.u 292.5

I13.? __ I13.? 797.1 _.
lle.g 116.0 ?CI.7

ll_.q lln.7 _06.2

12C._ 121.u 710. o
123.1 12U 1 _1=._

125._ 127.F _21.q
12_.n 13r.n 326,7
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Table 4-4. Criteria for Determination of Maximum Aerodynamic
Heating Trajectory for Right Quartering Head Wind
(Mission 4) (Concluded)

TIMF

33O.O

340.0

760.0

ZSC.C

_tC.O

390,0

3gP,O

_I0._

_20,0

4WO,O

uSC,O

Q6O,O

470.C

_80.0

NCWINAL

V_LUC CriMP +PS% ATMOS Pm_W

19o.7 u, u. ,', _.q ©.6 8_.7 86

2_?.I 45.4 "7.I 8.1 .... 87.8 _._ _8

207,P 4_.7 4_.5 P.P 90.I 90

21_.I 48,7 5_.2 _.8 ._ 92.,6 .... 93

21"Y.9 49,_: c._. m. f,9 9¢;,X 9_

2_'4.,9 .....51,5 .... _ ?.L__ ___°,O .... 9._j_.... __B

23_.5 53._ '_6.1 o.0 1D]._. lbP
24_,0 5_,!_ r.F,_ ..... O,l _ _I0_,! .!05

257.1 57. _, &P.9 c,2 I0o,7 lOg

27_,I 59,. '_ 6._,_ o._ 117,6 .I13

297.7 61,6 6'_.n 0.3 I 1_._ ll&

. ,6 _._ _ _9_. c'......."16.5 ...... 6_ ........... _] Z_.5 12_

377.7 06,_: 7"_,o __,_ I 2'_,_ 129

c_IS.6 67.o ?7.5 e.cl 13T,? 133

_58.4 6_.7 m2.3 9,_ 137.9 13B

CCVPOSIT[

IHI

SYSTE" £NVImON'qENT MAXIMUM_ HKAIING_IRAJ .
+PS_ +PS'_ _TSm VALUE

• 2__ _A35 ,-___.__13 I: ,5.___139.7 ....
._ 13o,I lU, C'. 3 347.5

.C _ __I__3.. 2 __..Lqq .2_____356_,3.___
,7 Iq7,7 I@@,._ 366.4

,7__--15 Z ._E__I q3,3--__71E-0__

.- 15_.n 151_. I 391.%

.u _I_3._ IB3,_3___907.__ _

•I 17_.'_ 16_.7 _25.7

• 0 ___I16,3 ....17_,i___ qqT__2._....

._ 182.7 17'_.6 u72.3

• 0 19_, ,'_ ISO,_ 53_.f]
• 2. ___03,? ._ I_93,5_______7_,__ ._

• 6 711,'_ 197,1 612,@

• 2 _ __220J5___200._2___ 6S_l__?.__
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Table 4-5. Criteria for Determination of MaximumAerodynamic
Heating Trajectory for Head Wind

(Mission 4)

CO_'POS TT[
............. JHI ......

NOr'INAL SYSTE 4 I-f4V PONMENT ...... MAXIMUM HEAIIttG_IR&.J ....

TIME VALUE COMP *PSS ATMOS HW *i_SS *RSS DISP VALUE

• 0 .q

1.0 ._

2.q .q

3. n .0

5.9 .O

&.O ,g

?.n .n

8.FI ,U

9,_ ,0

z_.n .0

ll,C .? ._

l?.q .'l

13, m .3

I_.( _ .g

15.0 .0

I_..0 .q

17.g ,9

1_.n .']

19.0 .9

21.0 .0 _

22.n .0

23.? .I

2_, _ .1

2_.C .I

26.P .l

27.r .1

28.0 .2

Zg.r! .2

30.n .?
31. r' .3

32.P .._

33.9

. 35.0 __

36,C

37.( _

39,FI

40.{ _

_1._
_P.P

43.C.

W_.C

_7,0 ..... I.Y

4B.0 ] ._

49._ 1,5

.r .O

,r .q

.P .q

•C ,?

,0 .q

• O .'_

• P .O

.C

.P .o

• C .3

.t

,9

,9

,0

.9

.O

,q

"0

e_

.9

.n .0 _'---.0 .0 .O

• 0 ..... O .... ? ......,0 ....... _ .....

• O .9 .q .P .0

"0 .... O ..... J_ ........ '0 ........ '._ ....

.0 ._ .n .0 .9

.0 ...... O ...... ___ ....... .0 .... ____.

._ .n .q ,O ._

,P _ ,O ..... _ .... ,.O ......... _ ___

.n .O ._ .0 .?

• O . .O ..... ? ....... 0 ........ t_____

.q .0 .O ,_ ._

• 9 ......... O ......_0 ...... _ ..... _,_Q______,_O___

• 3 ,9 .D ._ .0 ._

• 9 ,0 ..... 0 __ _,_ .........,0____,_ ....

.0 .9 .O ._ ._ ,_

• q ._ ,0 .... 0 ....... 9 ...... ,0 ........ O. __

_,_ ...... ,9 ............._ ...... ,0-........ ,O .... --,?_....... _0_ ,n

.p .'I .? ,9 .f) ,0 ,fl .O

,0 .q . ,9 ..... ,0 ....... ,0 .... ,7 ........ ,r].... ,')........

.{, .n .0 .O .O ._ .g .9

• C .9 .... 0 ,0 ........ .C ..... ,9 ....... ,0 ..... ,9 __

• _" .7 ._ .0 .? .9 .r) .I

.L ..... ,O ...... 0 ...... ,9 ..... .O ......... 1 ...... • 0_____, X....

• _ .'_ .q .? .0 .'_ .._ ,1

• t .O .q ._ ." _._ .O . ._.| .... O ...... I ___

.f] .fl .n ,_ .{] .l .0 ,!

,[" .n . .9 .n .O ,' .o ...... ? _

.r .n .3 .q .I .I ,_ ._

.... C ....... 0 ..... 0 ...........,CL_ ....... I ....... ,I ...... -'C .... __. Z ___

• C ,9 .r ,1 ,1 .I ,l ._

• _ ...... n _ .t .... 1 _ ,I ...... t ...... .l ......... ? .....

.n .l .I .I .I .I .! ._

.3.... ,n ........ 1 ...... I .I ....... ! ........ ? ..... I ....... 4

•_ .r .1 .I .1 ,l ._ ,1 ._

•_ ....... C___.,.l ....... l ....... _l .......... I .... ,Z._.--.--,.]_______L__
.S .P .I .! ,l

.5 .r _ __ .I .I ,I

.6 ,I .I ,I .P

•_ .I .1 .1 .2

.7 .I .1 .I .2

•_ . . .l ..... _,I_ .l .Z

.o .l .? .7 ._

i.n .I .? .7 ,?

I,I .I ,? .7 ._

].? .] .2 .P ._

.... ? .... _ _ .2 .T

•2 .? .I .6

• 2 ......x .... I ..... .? _

•P _. ._ ,2 ,_

._" .a ,2 ,0

,._ ....... q ......... __...... _.'0 ....
.r .? 1.1T

• c _ 1.3e. • • .....

" cl "7 "f 1.?

.o .( 2.9

.#I *O ,6 7"I

4-31



Table 4-5. Criteria for Determination of Maximum

Heating Trajectory for Head Wind

(Mission 4) (Continued)

Aerodynamic

T Ir'E

50._

31,C

52.n

5._,._

55.C

5_,.0
57.g

59.0

60.0

51.{]

62.0

53.3
5_.m

55.0

5F.. r)

67,0

58.0
59.r_

7P.O

71,O

72.n

?._,rl

7_.C _
7 c,. C'

76.r'

77._
74._

79._
8.n. r)

_I.?

84,0

CDVPOSTTF

NC"INAL SYSTF'_ . EtJV I_O_"EN T

VALUE COMP +PSK ATMOS _W

1.6 .? .3 .3

1.7 .2 .. .3
1.9 .? ._ .3 ."

7.I .7 ,'4 .3 ._;

2.1 _ .l ........ _ . _.? _ 1,9

2,, .x ,5 ,_ 1.1

?.6 ._ • 5 .4 I.?

2.7 ._ ._ ._ 1,3

2,_ ,u .5 .4 I.,
" 1 .r .7 .4 I._

_.3 ..... _ _ . .Z ........ ,_-

Y,5 ,r ." .4

_,g ,._ .9_ ,4.

_.4 .6 1,,0 .4 _

____Eli[

.............. M AW._HUM HIPA T I NIl_ TR/_J .......

+r_S5 +PS_ 3!SP VALUE

,6 .7 _'- t,'] ,7 ?.'_

._ I.? .8 2.7

.... 9 .... 1,3 .......... .?___ 2._ ....

I._ I._ l.O 3.I

..... 1.1 ....... I.. 5____]_L _,"

1.1 I.? 1.2 3.6

!._ __ 1._ ..... 1.____.o .....
1.3 l.n I._ 4.2

1.4 .... 2.1 ..... 1_,6 ....... _4.5 ......
1.5 2.? 1.7 _.fl

_ I,_ _._ 1,6 .... _Z.q I.____.,T_I____
I .7 1 .7 2.S 2.0 "._

I.? I._ __ . Z,_ .... Z.I __ .$._ ......

1.q 1.o 2,_ _,2 _.3

2.9 __ 2.D_ ..... "_,,_q .... 2.,3 ..... E,,7 ....

?.1 2.1 Y._ 2._ 7.2

5.1 .... 6 ..... i.I ..... ,_4 ..... 2..2__ .___2 .Z ..... Z_.!___2 • 6 ..... 2.7__
q.5 ,7 1,2 ,_ ?.? 2,Y 3, _. 2,7 8,3

_.0 .? . .I._'- ..... u _.) ....... _.. ...... 3:2 ..... _.Q__.... B__._....
_.5 ,_ I,_ ,4 ?,_ _,_ 3. ° 7,0 9,5

7,3 ._ 1.(. __ .3 2.5__ ;?.,5........ _.L_ _ ].?._.... IO_,Z ....
7.6 .P 1.7 .3 _ " 6 2 " & _ " 3 " " X"l -- II._3

p., .o I._ ._ _,7 2,7 ".q ".= 1]... __

o._ .0 ?.m .3 7." ?.q U.q Y.6 12.7

Ir .6 I. 1 7.T .3 _.'] _.O ._.3 ,._ I_.6

ii,6 l.Z _ _2.5 __ ,x . !.9 3.? f.__ ...... _.L __..15.3_ ___
1_.5 1.2 ?.? .3 _.1 3.1 =._ _.3 16.9

14,? 1, _' Y,C_ .3 " • '_ "_.3 6._ _.7 19.4

IS,_ l.S _ __,.? ..... _ . ,.__ 3.u ..... 6.___ ___9=.? .... 2o_._____
17.2 1,7 3.4 ._ '_.s 3.':; A.q _.2 22._

18.5 l.P ..... _.._ _ ._ T.6 ?._ ...... 7_,_ e ,, q-___- 2_L. ? .---
1_.9 1. 0 ].q .3 _.7 1.7 7.6 e.7 25.6

35.3. _ _ ZI.4 __ _ 2;,, I___

8P.n ,_¢. ° 3

_J9.P 2R.I

9q.O 3_' .'_

91.? 31, o
92,? 33.9

93,_ 3S._

94.0 3_.3

95.0 4_.I

95.r) 42.3

_. 97, rJ _ .4._,
98,_ u6,o

9q.o 40,2

_-.7 _9.? ._
2.o £.1 ._

___ .l._J ....... _,....

3.: e.5 ._

3.e 5.7 ,4

1.= _.0 .4

q.l 6,I .4

4. "_ F.'_ .4

4.(_ . . t-,5 .5
4.0 A.7 ._

5.1 7.'1 .6

.I ........ • # .... • .... = .......

_._ .3 '*.q "._ q.?

':•_ _2._LL___

a.l 4,1

_,6 4,F q.7

u._ _ 4.e_ . 10. t

_.q 5.0 l_.a

g.2 5.2 IC.o
e,u c,4 11.1

¢.7 5, • II,_

=._ 5.9 12.?

t,2 _.2 12, ?
_.S 6.5 13._

_,q fi," 13,_

_.2 29.,'?.

B,O 6.9 3_.?

?.! __7.2 .... 35,3 ....
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Table 4=5. Criteria for Determination of Maximum
Heating Trajectory for Head Wind
(Mission 4) (Continued)

Aerodynamic

TIME

(, • ¢

IL)O. 0

])1,0

ID2.0
133._

13_.?

•' _')5,0
]36,_

1"37.0
1JF'.O

139. n

lln.r

Iii.0

I12.0

213, m_

ll_.m

115.0

116.0

!IT,C

119.0
llq._

]2q.O

121.0
122.0

IZ.'._

12_.9
IZT.P

126.r.

127,0
1ZA "

12o.C
139,0

1_0.{2

ISo,P
160,0

170.O

lao.o

|90,S
?D_,O

?lO.O

220.0

23_,0

2wG.?

250.0
260.0

27C.O

2gO,f

299,0

._1 P, r

?20.D

NO,INAL

VALUE

51 ._

c.U.l

5_ .6

5o,1

E1.7

6_.P

69.5

72.1

77,_

_0.'} ..

87._,

92._

9b°7

96.o

9o.(]

1_31, 1

1,_3.1
ICF.!

1L7.0

11r.5

112.,4

11r.7

I17,_

llr.a

132,7

I_2._

I¢._._

157.7

16'._
1_7,_

171,2

17_,?
176._

17P,_
16F'._
1_?.1

18_.q

I_5.7

l_V,5

18o.5
1_,1.7

19_.o

196.7

SYSI_ _

CnHP *_SS

q,_ 7.?

6,? 7,_
6.6 P._

_,C .... ¢,

7,7. P,

_,P 8.

q,_ q°

P,_ 9.

9,.2 ...... 9.

O,9 0,

ln.3 lC.

l_,? !0,
!I.I IP.

11,5 .... I_.

II. _ II.

12,3 _I.

I?,6 II,

13,0 __ 11.

I_._ 17.

I_,7 .... 12,

"_MPO$1TF

............ _HI ......

FNV I_OPJ,[NT MAX IMuM_.HZAIING_TRAJ ......

AT_IOS HW +PSS *PSS DISP VALUE

,A ".1 7,2 "l_, _ 1_,5 64.2

,6 "._ Z.5 _ 1,. '_ .... 1_.2 ...... _Z._
._ ".8 ?.q 15.a I_._ ?O,_

• ? _.2 _ 8.3+_ _IE.I____ I_.5 ...... Z_.l .....

3 ...... o ..... '),I _ _9,Z __._l_?, q.__I_.LI_______E,._____

l.n _.6 0,6 IP•m 16,9 83,1

5 1.1 l.q.l IO,l .... l_. ? ..... 17 ._7__ _BT., 2 .....
q 1.2 In.6 It).6 19.q IP.6 9_.7

.. o _ 99 1.3 ll,1 II,Z .... 2C,7 .__1 _ • ____ .... t_ .Z____
7 . 1." 11.6 11.? 2P, o 2P,q 97._

..... 1.5 .... I_..2 .....12 ,? ....21.7___ 2 I,_L__IO 1._1.....

1 ._ I?,R 12,Q 22,5 Z2,_ 104,o

= 1,_ 1',_ 1_,5 ._2 _,'_ ..... 23,,_ .... 108._ .....

I l.n I'.O la,E 2_.1 2_,_ III. o

. £3_ 2. n l_.S . 14.6 _-2q.? ..... 2..2 .... I 15,3_____
5 P,P le., r_ 15,2 2_," 2e,2 11q,6

...... 2,. _ __1'_,5 .... 15_,__ ___ZB,b__ZILL__I.21.__

" 2._ 16.? 16.' 27,_ 2m,O 12_.9

3 . _ 2.6 ._ 1_, 7 + 16,_ .... Z.e,? .... 2p_,__. 12_,g ....

6 2,7 I_._ 17. e, 2o.I 2(_.8 131,D

I _._ i_.x Im._ 3C.7 _I.( _ 13_.7

..... ?. 2 ..... I _'., 9 .....I ?, 1 __ _.I..____.___32_L___L3 ?, 5__

14.9 17.7 3,3 I_.? lq,6 32._ 33,3 IW2,1

I_,_ .......12._. . 7,T ._ I?,B .20,1 __. 33,n 3_,I I_,7

14,7 17.7 7._ 2n.2 20.q 33.7 3_.9 1w7,3

15,1.. l?, _ . _?,7 2_.6 20.o 13qlg__--3_$Y__--lqgl_ ....

l_,U 13,P ?,9 2,._ _1,_ 3_,1 3_.$ 152,1

IA.I !u,X _,? Z?.B 2P,I 3(.. _ 3v,_ 156,7

IO.3 + 17._ .... 5.4 Z".o 25.U .... 42.& ..... 4_.,? .... I76.3

22.2 !9.9 (._ 2?." _P.] _p.n 4o,& 191.o

26, ¢ 2_. _ P._ 3_.S 31.5 5_.S 5_,5 215,3

27,, ..... 7_.9 ...... 7.9 ...... 31._ .... _.2 ____.l.___.____9.? ....
2q,? p:.6 7.q 3_.? 3_,2 61.8 67.5 2_1._

X3,_ _3.9 P.I 3r._ 3_.3 /e.? 7!.5_ 297,q _.

_,{ _5._ 8.7 3_.? 37.I 7P._ 7_._ 257,?

_+_ XT,_ r., _7.7 38.6 76.q 77.7 _59,_

_7.f Xp._ F,_ 3_._ 30,_ 77,7 7o,5 76_._

3q.4 ,c._ P,_ 3o,n 30,9 7o,, 31,2 26_.q

3_,2 uO,x p.u _0,6 WO,5 BO._ 32.n 27_,S

41,[ _P,3 _,5 _l,_ _I, _ e_,_ _,_ 278.?

_?,[: U?.u F.¢ 41.7 _?.c R6._ 8P,? Pq2,?
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Table 4-5. Criteria for Determination of Maximum Aerodynamic
Heating Trajectory for Head Wind
(Mission 4) (Concluded)

¢ _ ms

TI,F
m ms

?3(l.O

_5F.D

?6.r. 0
777._

T9C,9

u I tl.."

b?[.(_

_3C.C

W4C. m

_._

ms ms ms _ -,_

NCMINAL
VALUE

I_.7
2L7.!

_,[j7. ?
_I'.I

217.*I

2Zb.'_

23_._

257.1

273.1

31_ .c

3_4.7
377,7

_tc,6

........ --_),. pT) $ I_ r

........ mill ......

ms _ _ _ ms _ ms _. _ ms e _" ms ms ms ms ms ms ms ms _ _ _ ms Wmms _ _ WW_ _

SysT_T,_ ENVI°O_MENT _ MAXIMUM. HEATI-_L,S IRAJ__
CnRp +_SK ATMOS _W +oSE +PSK DISP VILUE

4q,2

_9.P

51.c

53._

57,F

5_,_

61,6

63,.f

65,_

5_.B

67,e

_P,_ F.m 4c,1 _5. o 9_._ 9f.7 303.o

_C,_ L,_ 4_,,I _?,O_ 97.1 ___?.o,3.3_!,3 ....

rp._ _.o 47.X ,_.1 lO_, _ l_?,O 319.9

5A,I

_.3

_ ._,? .....

_?.3

_.D 4_.a 5_,7 106,_ IDa.2 341. v

o.1 5t._ 5).I )In,_ _t}),_ _ 355,5___

°.2 5P,7 53._ II_,_ 11_,9 372,3

0,3 _. 5_,I .S_,e . lle,Z ___lt_.,)___ _91,"___

_.3 %_,_ 5A.2 122 .m 121.6 _I_._

c.u 50,5 _9.x t33,1 )Z?.5_ _OL.? . _

_._ 5_.1 59,P 137, _ 13P.g _46.6

c,4 5o,3 6_,0 142,Z 13|.,_ .... 5£D,2 .....
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combining the maximum aerodynamic heating trajectory parameters with the

+RSS system-related dispersions.

Trajectory parameters for the systems composite and the maximum

aerodynamic heating trajectories are also stored on a computer file in

the same manner as the dispersion trajectories.

(Reverse Blank)
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APPENDIX A-MISSION 1 CRITERIA INPUT REQUIREMENTS

Mission

a. 65,000-Ib payload

b. 28.5 ° orbit inclination

Trajectory

a. General

1. Nominal shaping

b. Launch

I. Launch Pad

Latitude = 28.6084 ° North

Longitude = 279.39 ° East
Altitude = 95 ft

Altitude corresponds to booster station 1942 (11.36 in. below
the base of the booster skirt).

2. Orbiter tail-south orientation.

3. Staggered start on main engines. 120-ms delay between starts;
each Space Shuttle Main Engine (SSME) reaches 90% thrust at

3.7 s after its start signal.

4. Solid rocket booster (SRB) ignition command defines to and is
issued 2.716 s after last SSME reaches 90_ thrust. Solid rocket

motor (SRM) thrust rise starts 0.011 s after ignition command

5, Vertical rise until vehicle has gained 365 ft of altitude

6. Single-axis-rotation (pitch, yaw, roll) maneuver after vertical
rise

c. First stage

1. Range Reference Atmosphere ETR-August

2. ETR August mean wind (see Figure A-l)
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3. Flight control 10 (Table A-l)

4. Maximum dynamic pressure 740 psf

5. Main propulsion system (MPS) throttle
engines), single-step throttle

schedule (for all three

l-Load Entries Reference Values

Command Actual
Vrel Throttle Time Throttle

(fps) (%) (s) (%)

0.0
56.6

750.0
940.0

1400,0

I00
109

109
65

109

0.00
3.48
4.38

30.16
36.96
41.36
57.24
61.64

100
100
109
109
109

65
65

109

6. SSME throttle change rate _10%/s

7. Elevon Schedule 6A

Relative
Velocity
August
(fps)

0.0
1115.0
1283.2
1513.0
1704.0
2268.0
2373.0
2478.0

Inboard
Elevon
Deflection

(deg)

10.0
10.0
10.0
10.0
10.0

1.5
0.0
0.0

Outboard
Elevon
Deflection
(deg)

9,0
9.0
3.0

-5,0
-5.0
-5.0
-2.5

0.0
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Table A-I. Flight Control Parameter (Mission 1)

SRB Gimbal Trim Normal Load Factor
Relative

Velocity Nominal Nominal

0.00
56.40

120.20
149,10
387.00
451.60
530.00
685.00
940.00

1048.00
1115.00
1283.00
1400.00
1539.00
1878.00
2268.00
2742.00
3839.00
4191.00
4700.00

.0001
-.1759
-.2822
-.2755
-.3808
-.4353
-.5374
-.9301

-1.8870
-1.0382

-.7561
-1.0776

-.9522
-1.1874

-.4895
.2209
.4211
.8328
.8185
.8185

.0518

.0564

.0641

.0626

.0464

.0501

.0614

.1080

.1607

.1324
,1523
.1530
.1614
.2076
.1175
.0785
.0963
.1243
.1429
.2295

SSME Gimbal Trim = -3.12 Degrees at Staging
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Table A-I. Flight Control Parameter (Mission 1) (Concluded)

Relative

Velocity

0.00
120,16
386.97
420.00
460.00
500.00
550.00
600.00
650.00
700.00
800.00
900.00

I000.00
II00.00
1200.00
1300.00
1400.00
]500.00
1700.00
1900.00
2100.00
2300.00
2600.00
2900.00
3200.00
3500.00
3800,00
4125,00
4461.00
4750.00

No Engine Failures

Pitch Yaw Roll

Command

90.00O
72.800
72.8O0
72.000
71.200
70.600
70.100
69.8O0
69.900
69.400
68.000
66.700
65.5O0
63.900
62.000
60.000
58.3OO
56.900
53.100
49.200
45.800
42.600
39.600
36.900
34.700
32.600
30.700
28.700
24.600
17.600

Command

0.000
90.800
90.800
90.700
90.600
90.500
90.400
90.400
90.500
90.500
90.500
90.500
90.300
90.100
89.8OO
89.500
89.400
89.200
88.900
89.200
89.400
89.400
89.500
89.500
89.5OO
89,600
89.600
89.700
89.700
90.400

Command

0.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180,000
180.000
180.000
180.OO0
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000

A-5



o Path adaptive guidance parameters

Reference Adjust Time

Reference Velocity

= 21.117(s)

= 488(f/s)

Throttle Event for High Performance = 3.0

Throttle Event for Low Performance

Pitch Factor High Performance

Pitch Factor Low Performance

Thrust Factor High Performance

Thrust Factor Low Performance

Percent Pitch Adjustment During
Load Relief

=4.0

= O. 006

= O. 0009

= 6000

= 4975

= 1.0

d. Staging

1. SRB separation 6.0 s after Pc = 50 psi

2. Command SRB nozzle actuators to null 4.3 s after Pc = 50 psi

3. Attitude hold from SRB separation to 4.0 s after separation

4. Maximum dynamic pressure at separation shall not exceed 75 psf
(with dispersions)

5. Begin SSME trim command after Pc = 380 psi (6-s ramp). Constant
SRB trim command beyond Vre I corresponding to nominal Pc =
380 psi

e. Second stage

i. General

(a) Maximum acceleration = 3 g's by MPS throttling

(b) A|pha Limiter : _5 ° around 2°_ prior to 150 s or 200,000 ft

2. Nominal trajectory

(a) MPS throttle setting = 109% (FPL)

(b) SSME throttle to reach 65% (MPL) 6 s before MECO at -lO%/s
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(c) MECO target conditions

h (equatorial)

gamma (inertial)

v (inertial)
Inclination

Iy vector

57 nm
0.65 °

25,670 fps
28.5 °
0.7176, -0.47175, -0.87881

Propulsion

a. Nominal thrust and specific impulse

I. SRM

(a) MSFC 313-82 data with ETR (0.368 ips) burn rate; 81°F grain

temperature for August; lightweight steel cases

2. SSME

Ca) Tvac = 470,000 Ib 100% level rated power level (RPL)

(b) Aexit = 6464.36 in2

(c) IsRvac = 452.35 s for T = 100%, mixture ratio (MR) at
• •

inJector = 6.014:1

(d) Ispvac = 452.45 s for T = 109%

(e) Pitch null = -16 ° (No. I engine) and -I0 ° (No. 2 and No. 3
engines)

(f) Yaw null = 0° Call engines); No. 2 and No. 3 are

electronically biased to 0 from their mechanical nulls of

3.5 ° outboard

Aerodynamics

Revised IVBC-3 Integrated Aerodynamic Data Base (Reference:
JSC/ET3/8301-18 dated i February 1983)

Mass Properties

a. Mass properties of elements

b. Element weights
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Orbiter weight

External tank (ET) weight

SSME weight

c. MPS propellant weights

= 147,803 ]b

= 67,372 Ib

= 20,859 Ib

Total* propellant weight at SRB ignition = 1,593,713 lb

d. SRB weights

SRB gross weight = 2,590,174 Ib

SRB inert weight = 355,852 Ib

e. OMS and RCS propellant weights

OMS = 19,700 Ib

RCS : 7,508 Ib

*Liquids and Gases
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APPENDIX B--MISSION 4 CRITERIA INPUT REQUIREMENTS

Mission

a. 32,000 lb payload

b. 98° orbit inclination (nominal mission)

Trajectory

a. General

1. Nominal shaping

b. Launch

I. Launch pad

Latitude = 34.58139 ° North

Longitude = 239.37472 ° East
Altitude = 430 ft

Altitude corresponds to booster station 1942 (11.36 in. below

the base of the booster skirt)

2. Orbiter tail-west orientation

3. Staggered start on main engines. 120-ms delay between starts;
each SSME reaches 90% thrust at 3.7 s after its start signal

4. SRB ignition command defines to and is issued 2.716 s after last
SSME reaches 90% thrust. SRM thrust rise starts 0.011 s after

ignition command

5. Vertical rise until vehicle has gained 365 ft of altitude

c. First stage

1. Range Reference Atmosphere WTR-December

2. Vandenberg December mean wind (See Figure B-l)

3. Flight control 10 (see Table B-I)

4. Maximum dynamic pressure 680 psf

5. MPS throttle schedule (for all three engines), single-step
throttle
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Table B-I. Flight Control Parameters (Mission 4)

Relative

Vel oci ty

No Engine Failures

Pitch

Command

Yaw

Command

Roll

Command

0.00
120.32
395.48
511.28
626.42
722.12
812.86
902,59
990.93

1077.83
1164.82
1253.23
1352.46
1477.88
1632,96
1805.87
1997.83
2209.54
2431.49
2658.88
2890,94
3132,41
3376.33
3622.39
3865.67
4098.22
4258.32
4337.17
4397.99
4783.71

90.00O
73.121
73.121
72.026
72.252
70.981
69.139
67.426
55.917
64.671
63,029
61.338
59,683
57.969
55.303
52.233
48.970
45.652
43.388
41.386
39.493
37.572
35.869
34.196
32. 581
31.082
29.723
28.434
27.026
17.957

183.000
179.504
179.504
180.603
182.896
184.907
186.589
187.907
188.979
189.948
190.808
191.573
192.166
192.252
191.871
191.193
190.361
189.575
189.131
188.950
188.955
189.831
190.213
190.794
191.598
192.279
192.795
193.239
193.523
191.669

93.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000

180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
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Table B-I. Flight Control Parameters (Mission 4) (Concluded)

SRBGimbal Trim Normal Load FactorRelative
Velocity Nominal Normal

0.00
29.64
56.85
73.99

241.80
342.05
570.71
626.42
649.46
685.45
946.95

1077.83
1121.22
1253.23
1352.08
1492.01
2209.54
3622.39
3984.81
4503,58

-.3203
-.3203
-.3097
-.4529
-,4283
-.4942
-.7752
-.5904
-,5023
-.3648

-1.1802
-.7781
-.7764

-1.0141
-.9085

-1.1999
-.0171

.5953

.6108

.6108

.0522
.0599
.0598
.0690
.0549
.0444
.0747
.0723
.0736
.0603
.1166
,1538
.1615
.1578
.1648
,2193
.0878
.1277
.1384
.3206

SSMEGimbal Trim = -3.00 Degrees at Staging
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I-Load Entries Reference Values

Command Actual
Vrel Throttle Time Throttle

(fps) (%) (s) (%)

0.00
56.85

500.00
570.70

1352.08

100
109

65
65

109

0.0
3.48
4.38

21.52
23.84
28.24
57.28
61.68

100
100
109
109
109

65
65

109

6. SSME throttle change rate _10%/s

7. Elevon Schedule 6A

Relative
Vel oci ty
(fps)

0.0
1088.5
1249.7
1493.7
1718.3
2292.0
2396.0
2500.3

Inboard
Elevon
Deflection

( deg )

10.0
10.0
10.0
10.0
I0.0

1.5
0.0
0.0

Outboard
El evon
Deflection

( deg )

9.0
9.0
3.0

-5.0
-5.0
-5.0
-2.5

0.0
=

o Path adaptive guidance parameters

Reference Adjust Time = 20.O(s)

Reference Velocity = 455.7(f/s)

Throttle Event for High Performance = 3.0

Throttle Event for Low Performance = 4.0
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do

Pitch Factor High Performance

Pitch Factor Low Performance

Thrust Factor High Performance

Thrust Factor Low Performance

Percent Pitch Adjustment During
Load Relief

Staging

1.

2.

3.

4.

1

= 0.005

= 0.003

= 0

= 5341

= 1.75

SRB separation 6.0 s after Pc = 50 psi

Command SRB nozzle actuators to null 4.3 s after Pc = 50 psi

Attitude hold from SRB separation to 4.0 s after separation

Maximum dynamic pressure at separation shall not exceed 75 psf

(with dispersions)

ConstantBegin SSME trim command after Pc = 380 psi (6 s ramp).

SRB trim command beyond Vrel--corresponding to nominal

Pc = 380 psi

e. Second stage

1

.

General

(a) Maximum acceleration = 3 g's by MPS throttling

(b) e limiter = +5 ° around 2° e prior to 150 s or 200,000 ft

Nominal trajectory

(a) MPS throttle setting = 109% (FPL)

(b) Instantaneous pitch/yaw maneuver at abort mode boundary

(c) SSME is throttled to reach 65% (MPL) 6 s before MECO at
-lO%/s

(d) MECO target conditions

h (equatorial) 57 nm

y (inertial) 0.65 °

v (inertial) 25,370 fps
Inclination 98 °

Iy vector -0.81348, 0.56470, 0.139173
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Propulsion (Nominal Thrust and Specific Impulse I

a.
SRM

1.

b.

IB

2.

3.

4.

5.

Q

MSFC 313-82 data with WTR burn rate (0.366 ips) for 54°F grain

temperature for December, lightweight steel case

SSME

Tva c = 470,000 Ib (100% power level RPL)

Aexit = 6464.36 in2

Ispvac = 452.35 s for T = 100% MR at injector = 6.014:1

Ispvac = 452.45 s for T = 109%

Pitch nu]]= -160 IN,. 1 engine) and -100 IN,. 2 and No. 3

engines)

Yaw null = 0° (all engines); No. 2 and No. 3 are electronically
biased to 0 from their mechanical nulls of 3.5 ° outboard

Aerodynamics

Revised IVBC-3 Integrated Aerodynamics Data Base

Mass Properties

a. Mass properties of elements

b. Element weights

Orbiter weight = 147,803 Ib

ET weight = 67,372 lb

SSME weight = 20,859 Ib

c. MPS propellant weights

Total* propellant weight at SRB ignition = 1,593,713 Ib

*Liquids and Gases
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d. SRB weights

SRB gross weight = 2,590,174 lb
SRB inert weight = 355,852 Ib

e. OMS and RCS Propel]ant weights

OMS = 25,064 Ib
RCS : 7,508 Ib
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APPENDIX C--DERIVATION OF ERRORS AND UNCERTAINTIES
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Data for SRB Thrust Terminal Mismatch

I

WTR

Left Motor Right Motor

Time

t

108.I

109.4

110.7

I12.0

113.3

114.6

115.9

117.2

118.5

119.8

121.1

122.7

124.9

Thrust

(Ibf) TL

1,751,251.

1,742,650.

1,555,656.

1,275,702.

922,845.

714,128.

481,376.

364,886.

266,183.

183,083.

114,341.

58,656.

22,134.

Pressure

(Ib/ft2) PL

416.6

396.3

360.2

295.3

215.4

152.3

106.5

80.5

56.4

36.3

22.1

13.1

4.9

Flowrate

(Ib/s) WL

6462.3

6158.1

5611.3

4618.8

3383.9

2405.4

1693.2

1317.9

930.3

604.0

373.3

224.3

90.8

Thrust

(lbf) TR

1,542,851.

1,299,350.

1,034,654.

723,601.

471,845.

263,128.

193,676.

139,386.

95,086.

58,680.

36,580.

25,411.

8,046.

Pressure

(Ib/ft2) PR

392.7

349.9

274.9

195.4

133.6

100.3

69.8

47.4

29.8

18.7

11.6

5.7

1.8

Flowrate

(Ib/s) WR

6085.4

5446.9

4301.9

3076.0

2114.0

1596.1

1145.1

784.4

498.8

315.9

200.7

103.6

38.1

ETR

107.4

108.7

ii0.0

111.3

112.6

113.9

115.2

116.5

117.8

119.1

120.4

121.93

124.15

1,759,907.

1,752,724.

1,564,334.

1,282,280.

927,494.

674,648.

483.604.

366,575.

262,283.

180,313.

114,836.

59,044.

24,680.

419.0

398.8

362.6

293.3

216.8

153.3

107.2

81.0

55.1

35.2

22.2

13.2

5.5

6502.2

6196.8

5647.2

4648.0

3405.5

2420.8

1704.0

1326.3

909.0

587.1

375.7

225.7

100.8

1,551,507.

1,309,424.

1,043,336.

730,180.

476,496.

309,146.

195,902.

141,071.

91,182.

55,912.

37,067.

25,581.

8,046.

399.3

352.2

276.8

197.0

134.5

101.0

70.2

47.7

28.9

18.3

11.7

5.7

1.8

6026.1

5481.8

4380.1

3095.5

2127.8

1606.6

1152.4

789.5

485.2

308.9

201.9

104.2

38.1
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Derivation of the SRBThrust
Vector Angular Misalignment Error

1) Cone1/2 angle

2) SRB/ETcenterline misalignment

3) Electronics/actuator errors

= 1.0 deg

= 0.12 deg

= 0.3 deg

RCS

Average RSSof 2 SRBs= 42

Resultant misalignment error

Componentof the actuator
misalignment in the pitch
or yaw plane (cosine of 45° )

0.5254 left, right (tilt, rock) per motor

Modified to 70%of 2.33_ 0.2856 deg

1.0509

= x 0.707

= 0.7431

= x 0.707

0.5254 deg.

TILT

"Nozzle Pivot Center Shift" is included in the above.

ROCK \ i / 0.5254 ACTUATOR\ / MISALIGNMENT

"l" / ERROR
\ /

\ f

0.7431 RESULTANT
MISALIGNMENT
ERROR
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Derivation of SSMEThrust Vector
Angular Misalignments (Pitch, Yaw)

i)

2)

Actuator System (_)

15% of Nominal Thrust (_)
Structure Deformation

3) Combination of"

4)

Engine #1 Engine #2

P Y P Y

Engine #3

P Y

5)

.534 .441 .537 .606 .537 .455

a)

b)

• 098 .060 .076 .015 .249 .071

+0.25 ° installation tolerance

+0.546 ° dynamic thrust vector
(-includes +_0.6 in. eccentricity)

c) +_0.09 ° ET _ misalignment

: +_0.607 °

(P, Y)

Nominal thrust structure )+.654 - 399 + 510 +.098 +1.663 -.476deformation (deterministic ' "

RSS (1), (2), and (3); add (4) per engine; then RSS 3 engines and
divide by 3

6) Results P Y

7)

8)

+1.066 +.353

-0.115 -.618

Use largest of pitch, yaw values for simulation; P = _1.066, Y = _.618

70% of 2.33_ results in P = +0.5795, Y = +0.336

NOTE: (1), (2), and (3) are dependent on gimbal angle deflections
(flight averaged).
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1st Stage CG3_ Uncertainties*

2.5-

_2.0-
_J

C

_ 15-<:1 °

1,0--

0.5-

0

X

l I I I I

0 1 2 3 4 5

TOTAL WEIGHT x 106 (Ibs)

*Values used for this analysis reflect 70% of 2.33_
which results in multiplication of these values by
a 0.54367 mult_p1_cat_on factor.
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2nd Stage CG3a Uncertainties*

3 5 7 9 11 13
TOTALWEIGHTx 106 (Ibs)

15

*Values used for this analysis reflect 70_ of 2.33a
which results in multiplication of these values by
a 0.54367 multiplication factor.
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Derivation of Accelerometer Errors

i)

2)

ACCURACY

a) AA null offset
(includes vibration)

b) AA noise

c) MDM noise

d) MDM bias

e) AA scale factor
P (0.028x0.20 g),
Y (0.032 x 0.004 g)

RSS

f) MDM quantization
(add 1/2 value)

Apply mid-select (x 0.67)

70% of 2.33o

ALIGNMENT

a) Accel. to AA axes I

b) AA axes to body axes

c) Bulkhead flexure (deterministic)

Normal (g's)

0,021

0,020

0.024

0.025

0.006

+0.046

0.004

+0.050

+0.034

+0.0185

Normal (deg)

+0.43

0

Lateral (g's)

0.014

0.020

0.006

0.006

0.000

+0.026

0.001

+0,027

+0.018

+0.0098

Lateral (deg)

+0.43

+0.23

Apply mid-select (x 0.67)

70% of 2.33o

+0.43 °

+0.288 °

+0.1566 °

+0.66 °

+0.442 °

+0.2403 °
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ACCURACY:

Derivation of Rate Gyro Assembly Errors
(Pitch, Yaw)

a) DCzero offset -

b) Threshold

c) Hysteresis

d) Linear acceleration
sensitivity (O.05°/S/g)

e) Linearity

f) Scale factor

g)

h)

NOTE:

i)

Noise

Angular acceleration
sensitivity (0.003 deg/s 2)

Zero offset due to

temperature variations

j) MDM-

k)

Static
Vibrational

RSS

MDM quantization x 1/2

SUM

Noise
bias

P

P{Y

P{Y

P{Y
Apply mid-select factor (0.67)

Average RSS of 2 SRBs (xvr'272)

70% of 2.330

RGA misalignment (+_0.744 deg) neglected

DEG/S

= 0.i0
= 0.15

= 0.02

= 0.02

= 0.05 x 0.15 _ 0.008
= 0.05 x 0.002 = 0.0

= 0.05

= 0.051 x 0.5 = 0.026
= 0.051 x 0.i = 0.005

= 0.05

= Negligible

= 0.002 x 40 - 0.08

= 0.12
= 0.12

= 0.273
= 0.271

= 0.059

= 0.332
= 0.330

= 0.222

= 0.157

= 0.085
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30 MECOTargeting Errors (_)

NORMAL

AV (fps)

A¥ (deg)

Ar (ft)

Ai (deg)

AOA

AV (fps)

A_ (deg)

Ar (ft)

Ai (deg)

RTLS

AV (fps)

A¥ (deg)

Ar (ft)

NAV G&C RSS (70% of 2.33o)

9.27

0.041

2016.0

0.103

10.21

0.04

3148,0

0.084

10.04

0.038

2310,0

7.95

0.06

1155.0

SAME

AS

ABOVE

SAME

AS

ABOVE

12.21

0.073

2323.0

0,103

12.94

0.072

3353.0

0.084

12.88

0.071

2583.0

6.64

0.039

1262.9

0.056

7.04

0.039

1822.9

0.046

7.00

0.039

1404.3

NOTES: 1) The variables are treated independently

2) Nodal errors neglected

(Reverse Blank)
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APPENDIX D--COMPUTER PROGRAM FOR DISPERSION ANALYSIS

The following ASCII Fortran computer program has been written

to facilitate the RSS analysis performed on the dispersed set of

trajectories. Also provided via this program is a tabular listing of

the time ordered dispersion as a function of the dispersion type.

Output of this program has been compiled in Appendices F and G.
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APPENDIX E--COMPUTER FILE INPUT/OUTPUT REQUIREMENTS

Two resident files associated with Mission 1 and Mission 4 are

provided on the MSFC Univac computer system. These files are direct

access files which contain time ordered data associated with all

trajectories which have been simulated in this study. This appendix has

been written to aid the future use of these files by defining their

input/output requirements.

The structure of each file is the same for both missions and

therefore the input/output requirements can be treated in a generic

fashion. A file is made up of 16,000 records and each record consists

of 13 words. In a Fortran program, the programmer must have the

following statement before any executable statements:

'DEFINE FILE N(16000,13,U,IP)'

The letter N is given a numerical value depending on the

programmer's choice of file numbers. This file will be identified by

proper control cards to assign the chosen numerical value to the stored

file. The 16000 and 13 refer to the number of elements and words per

element, respectively. The Univac programmer's manual should be

consulted for the additional parameters on this statement.

The Fortran read statement for this file is the following:

where

'READ(N'NR)VAR,IVAR'

N - file number

NR - number of requested record (1 to 16000)

VAR - a storage array consisting of 12 parameters:

(i) - time from liftoff (s)

(2) - angle of attack (_) (deg)

(3) - sideslip angle (B) (deg)

(4) - aerodynamic heating indicator (BTU)

(5) - dynamic pressure (lb/ft 2)

E-I



(6) - altitude (ft)

(7) - earth relative velocity (ft/s)
(8) - airspeed (ft/s)

(9) - radius from the earth's center (ft)

(10) - inertial velocity (ft/s)

(11) - inertial flight path angle (y) (deg)
(12) - Machnumber

IVAR- multipurpose variable flag used to specify the contents
of the records. (See Table E-l)

All trajectory cases are stored within a maximum of 200 records

and therefore the start of each trajectory will begin at some multiple

of 200 plus I. The normal mode of reading this data is to first

interrogate the starting record which indicates by the value of IVAR the

type of trajectory. Data can be extracted from the file by continued

reading of sequential records until the value of IVAR is equal to 9999

(which specifies the end of the trajectory data).

The only data on the file that do not correspond to the above

definition of the VAR array are associated with IVAR = 5100. In this

case, the VAR array is defined in the following manner:

VAR (i) - time from liftoff (s)

(2) - positive RSS dispersion for aerodynamic heating
indicator

(3) - negative RSS dispersion for aerodynamic heating
indicator (value is positive in sign)

(4) - positive RSS dispersion for angle of attack

(5) - negative RSS dispersion for angle of attack

(6) positive RSS dispersion for sideslip angle

(7) - negative RSS dispersion for sideslip angle

(8) - positive RSS dispersion for dynamic pressure

(9) - negative RSS dispersion for dynamic pressure
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Table E-I. Interpretation of IVAR Variables

0000

9999

_0

___1

0010

2_m

i01_

102_

103_

104_

105_

106_

107_

108_

109_

ii0_

Iii_

201_

202_

203_

204_

VAR contains data

Terminal point has been reached for this trajectory

Positive dispersion (the parameter is perturbed in a
positive sense)

Negative dispersion (the parameter is perturbed in a
negative sense)

The following data contain the nominal trajectory

The following data are related to propulsion
dispersion parameters

SRM web action time

SRM terminal thrust mismatch

SRM specific impulse

SRM steady state thrust mismatch

SRM steady state specific impulse mismatch

SRM thrust misalignment (pitch)

SRM thrust misalignment (yaw)

SSME vacuum thrust

SSME vacuum specific impulse

SSME thrust misalignment (pitch)

SSME thrust misalignment (yaw)

The following data are related to aero/environment
dispersion parameters

Axial force coefficient

Normal force coefficient

Pitch moment coefficient

Side force coefficient
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Table E-I. Interpretation of IVAR Variables (Continued)

3_um

4B_

205_

206_

207_

208_

301_

302_

303_

304_

305_

306_

307_

308_

309_

401_

402_

403_

404_

405_

406_

407_

408_

Yaw moment coefficient

Roll moment coefficient

Base force

Atmosphere (_ density variations)

The following data are related to mass properties

dispersion parameters

External tank propellant weight

SRB propellant weight

SRB inert weight

Second stage inert weight

First stage longitudinal center of gravity

First stage lateral center of gravity

First stage normal center of gravity

Second stage longitudinal center of gravity

Second stage normal center of gravity

The following data are related to GN&C dispersion

parameters

Accelerometer error (pitch)

Accelerometer error (yaw)

Rate gyro (pitch)

Rate gyro (yaw)

Inertia] measurement unit (IMU) platform
error (pitch)

IMU platform error (yaw)

IMU platform error (roll)

MECO targeting
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Table E-I. Interpretation of IVAR Variables (Concluded)

5m_

501_

502_

503_

504_

505_

5100

The following data are related to the composite and
wind related trajectories

Composite (System Dispersion only)

Right Quartering Head wind (RQHW) dispersion
(95% design)

Maximum aerodynamic heating trajectory w/RQHW

Head wind (HW) dispersion (95% design)

Maximum aerodynamic heating trajectory w/HW

The following data are time ordered RSS

values for positive and negative dispersions

of aerodynamic heating indicator, angle of

attack, sideslip angle, dynamic pressure, the

product of dynamic pressure and angle of

attack, and the product of dynamic pressure

and sideslip angles

(10) - positive RSS dispersion for the product of dynamic

pressure and angle of attack

(11) - negative RSS dispersion for the product of dynamic

pressure and angle of attack

(12) - positive RSS dispersion for the product of dynamic
pressure and sideslip angle

(13) - negative RSS dispersion for the product of dynamic
pressure and sideslip angle

(Reverse Blank)
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APPENDIX F--MISSION 1 (ETR)
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APPENDIX J--PLOT PROGRAM LISTING

The following program has been used in the automation of plots

used in this report. This program was written by Mr. Sam Powell of

Boeing Computer Services and has been designed to use the files generated

by the trajectory and RSS programs.
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